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論文内容要旨
 ln雛roductio難
 丁無epressurebo腿nda尊components撫nudearpowerplantsarerequiredtobeconstructedwithhig難reliab撮ty,so
 thatthe量rfhnctionshavetobe鵬&沁taine(isu茄。圭entlythrought薮eserv量ceIi蝕Theyaredesignedand飴br圭cated
 basedoRva爵ouscods,standardsa簸dcriteriatoassuretheinτegrityandsafbtyof加。}earpowerplan‡sunderthe
 norma玉operatingcondi重ions,Howevermanydamagesduetosomeunexpectcdcircu燃stanceshavebeenreported
 onthepressurebou益d叙ycompo簸entssuchaspipings&ndpressurevessels.Mostof宅hisdam段gesrepo質edare
 subcriticalc鍛ckscausedby漁t玉gue,cor狛os王onandacombinationofboth.Oneof圭hedesirablesa色ty驚a‡uresof
 t鼓epressurebou簸dalycomponentsisやpred三ct&seriouss冠uat量onbe{bre嚢develops.Tberefbre
 detectionofthecrackinearlystageisoneof重he磁ostimpo掘mtissuesinthispipingsystemLThereareseve撒l
 conditionalmethodfbrinspectio捻ofthesepip量ngsystemsuc薮aseddycu1Te撚tes綬ng(ECT)oru}trason董cte寧ting
 (UT).Althoughthesetecゑniques姦avehighaccuracy,癒eyaretimean(icostconsumingbecauset難eyneedpoint
 byp・intscanning・f圭h玉sstmc惚re・rexl重ingc・ilget聴er飾rla㎎e土plPαThere鉛reit孟snecessa邸・deve1・P
 othermethodwithh量gbspeedand姦ig赴accurac》へThepreviousworksondetec{lonofcでackbymicrowa』ve
 tec赴niquehaveshownthatthistec薮niquehashighaccuracya盤dhaspoten重重a1毛・墨nspect}arge鉱easlnsh・賞ti鵬
 S旬ceint雌ss撫dymicrowavenondestn}c重ivetechniqueutilize{br勧spectめnofpipingsystem.Rencc街ep圭p麺g
 trea‡sasawaveguide;microw&veca薮propagateintheplpes量nlongd玉stancesabovethelrcutoff食equencles
 wlthoロtsignificantattenuat圭on40ssJnotherh&ndw姦eae至ectromagneticwavearepropag&tedinside翫cp量peン
 sur飴cecu貰en慮・wingintheinnersur毎ce・fthep圭peandregardingt・genera‡edm・dein癒epipes,thlssur飴ce
 currentcaa痘owinaxlalorcircum驚rentialdlrection.W赴enthiscurren田owinginthepipewithcrack,crack
 makesc互ange茎n㈱ct1・n・fcurrent即dc・鍛sequen重1ychangestheelectr・m&9礁et圭cwaves&ndresultingt・
 reHectionofwaves倉omthecrack.There恥retherenectedwavehas圭nfbrmatiG簸aわoutthecrack.
 Forev&}ua主ionofcrackdetec重ionandcrack夏oc&tioninpipesby重hlstech簸iqueexperinlentwereper圭brmed{br
 three士ypesofcr&ck,ま。捻g圭tudin翫1αack,c至芸。腱mfヒrent呈磁crackandc臓ckwithd墨焼rentor玉entation玉npipes.
 Chapteriprese飢s癒ebriefoverv至ewofthenondes重ructivetes毛lngandnondestructiveevalua‡lon,conventiona1
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method ofnondestructive testing, microwave nondestructive testing and purpose of this study. In chapter 2 some 
fundamental theory of electromagnetic waves deduced from Maxwell's equation and theory of transmission lines 
are presented. Chapter 3 show the experiment procure and experimental result for detection of~ circumferential 
crack which will be explained in the follow briefly. 
Evaluation of circumferential crack 
Since suitable mode should be applied for detection of any type of crack, a mode converter is used in this study as 
shown in the experimental setup given in Figure I . As it can be seen from this figure, the mode- converter is 
combined of a rectangular waveguide and circular waveguide to convert rectangular TE-mode to the circular TE 
and TM modes. 
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Figure 1: Schematic ofthe experimental setup 
The electromagnetic waves are generated by the Network Analyzer and are sent to the mode-converter by the 
coaxial line. Generated mode in the mode-converter can be resonated by moving the plunger which mounted in 
the circular waveguide. 
To detect circumferential crack TMO I -mode must be generated in the mode-converter. The TM-mode are 
characterized by Ez ~ O and Hz = O, when this mode propagated in the system, surface current is produced in the 
inner surface of the pipe according to the Ampere's law as the following equation; 
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l p nx(H2p -H )=J2 (1) 
where n is the unit vector in radial direction, H is the magnetic field and J is the surface current density. As 
mentioned above when this surface current flowing in the pipe with circumferential crack, crack will make change 
in the direction of current and consequently change in the electromagnetic waves then some part of 
electromagnetic wave are reflected. Therefore the refleeted wave has information of crackl To estimate crack 
location, first the time of flight (TOF) ofthe reflected wave from the crack should be evaluated. To do this, the 
signals are investigated in time domain by getting inverse fast Fourier transform (IFFT) ofthe signal in frequency 
domain. By knowing TOF and group velocities of electromagnetic wave in the system crack location can be 
calculated. One example result is given in Figure 2 for the case when plunger position is changed from 90 mm to 
1 go mm and Figure 3, when plunger is fixed at position of 1 25 mm. These results are obtained for crack located at 
1400 mm. to generate only TMol-mode frequency range of 7 - I O GHZ is selected for this experiment. 
This result show the difference of reflection coefficient (Ar) between the cases of pipe with and without crack. 
The dashed-line in Figure 2 and solid-arrow in Figure 3 shows the calculated time at frequency of I O GHz. It can 
be seen from this result that there are some delay between the calculated time and area with large amplitude. 
Although the calculation are performed at maximum frequency in the given frequency range, there is possibility 
that the response of the wave with maximum frequency to the crack is smaller than the other frequencies. 
Therefore the evaluation ofcrack location is performed also in several frequency ranges. To achieve accurate 
result two method of signal processing; Hilbert transform and cutting method of signal were proposed in this 
study. 
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Figure 3: Ar in time domain at 
plunger position of 125 mrn 
Evaluation of longitudinal crack and crack with different orientation 
Chapter 4 presents the evaluation of detection of longitudinal crack in straight pipe. For detection of longitudinal 
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crack circular TEll-mode which is suitable mode for detection of this type of crack is generated in the system. 
This mode is first and dominant circular mode which carries most ofthe energy ofthe electromagnetic waves. The 
experimental setup is same as one shown in Figure 1. Cut off frequency of this mode for inspected pipe is 5.17 
GHz. Since electromagnetic wave above cutoff frequency can be propagated in the pipe, therefore frequency 
range of 5 .2 - 6 GHZ is chosen for crack detection, The result obtained in this experiment show that the estimation 
of location of longitudinal crack is easier than the circumferential crack. 
Other experiment also was performed for detection of crack with different orientation in the straight pipe. The 
crack has 45'orentation relative to the axial direction. Since the longitudinal crack is easier to be predicted, in this 
case also TEll-mode is utilized for detection of crack. Therefore frequency range of 5.2 - 6 GHZ is chosen also in 
this experiment. The result of this experiment show the strong possibility of this technique also for detect crack 
with different orientation. 
Evaluation of circumferential and longitudinal crack in piping with U-bend 
Since in the real case the piping system is more complicated than straight pipe and they includes bends and 
curvatures, in chapter 5 the evaluation of crack detection are performed for piping system including U-bend. The 
experiments were carried out for detection of circumferential and longitudinal crack in the straight pipe which is 
located after the bend. The experimental condition in this case are such that one for the straight case for both 
circumferential and longitudinal crack. In this case experimental results show that as well as the straight pipe there 
is strong possibility to detect cracks and evaluate their loca:tions after U-bend. 
Since most ofthe crack occurred in the bend section, other experiment is carried out for detection of longitudinal 
crack in the bend-section. Here also as a straight pipe circular TE11-mode is used for crack detection. The obtained 
results in this experiment show that the amplitude ofreflected signal in this case is larger than the straight one. In 
other word longitudinal crack in the bend can be detected easier than the longitudinal crack in the straight pipe. 
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 論文審査結果の要旨。
 本論文は、導波管の原理を応用し、電磁波による欠陥検出とその位置予測手法に関する硫究をまとめ
 たものであり以下のような内容となっている。
 第一章では、研究の背景と目的を述べており、現在、主に用いられている高精度な非破壊検査(渦
 零流探傷法・超音波探傷法)の短所である大型配管の検査に時間がかかるという問題原を解決するため
 に、高速非破壊検査を実現できる可能性のある電磁波探傷法の研究の意味づけを行っている。また{第
 璋では・本甲究に必動マィ如漁こ関する琳鯵原理をま⑳て示して喝・
 第三章では、原理検証のために実施した周方向き裂の探傷試験について述べている。実験体系は、ベ
 クトルネット7・」クアナライザ、矩形TEユ1モ「ドを円形TEモード、円形TMテードのマイクロ波に
 変換するためのモード変換器、ストレート配管から構成されており、周方向き裂探傷試験には管内表面.
 電流が軸方向に流れるTMo1モードのマイクロ波を用やる。き裂位置を特定するために反射波のTOF
 の評価を行ったが、簡単な解哲から得られるTO耳との差が大きいことが明らかと塗っ為この原礪と
 して、郡速度を導出する際中周波数の選択に原肉があるもあと推測されている。すなわち、き裂の検串
 は可能であるが、位置の特定には{ある程度の誤差を含むことが明らかとなった。
 第四章では・第三章と同様に原理検証のための軸方印巻裂擦傷試験について述タていう。軸方向き裂
 、探傷試験1には管内表面電流が管周方向に流れる,TE11モードのマイクロ波を用いる。実験結果より、周
 波数範囲を5.2～6GHzに限定して軸方向探傷試験を行うことにより、TOFの実験値と計算値がほぼ一
 参するごとが明らかとなり、周方向き裂探傷に比べ、勅方向き裂探傷が容易であることが示されている。
 さらに、管軸に対しで45。方向のき裂を持つ配管に対し、探傷試験ゑ行った結果についても述べでおり、
 この場合も軸方向き裂探傷試験の場合≧同様に、一TOFの案験値と計算値が近いものとなり、これら2
 種類のき裂の位置同定魁、マイクロ波探傷法にタって可能であることを示している。
 第五章では、実際の配管で想定誉れうU手管などを含む配管系において生じた局方向き肇、軸方向き
 裂の探傷試験を行い、その結果をまとめている。U手管を含む配管系においても、き裂位置同定がある
 裡度可能であることを示しており、特に口宇管内に軸方向き裂が存在する場合、ストレート管に軸力向
 き裂が存在する場合よりも反射波信号が明確であ咲き裂位置の同定がより容易であることが明らかと
 なった。
 第六章は以上の結果をま≧めたものである。.このように本論文は電磁波を用いることによって配管内
 部の発生したき裂等の欠陥を検饅することが可能であることを実験によって示したものであり、この分
 野の発展に大きく寄与するもgで診る。
 よって,本論文は博士(工学)の学位論文として合格と認める。
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